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W% BREOR A A A R E A — i 2, B B (KRNA (ribosomal RNA, rRNA)AAZ # (K & 1 41 % 7
. TDNA%E F & RIRNAE 4 N L Bk, BREERAEDR A NERZRESFRZ — AEF BN, BHEE
DNA (ribosomal DNA, rDNA)# % 5% & M % 2| & 3R A o0 ™ R 45. T 08 200 N, 8 LR s . 38 R ek
EREKAE KA TR KR % L MR RE AL T R BUDNA M # R B IOR S WS 8 a0 RE E
HITDNA$% 2 0 40 f ek A K . BE7R A S0 Rl 4R, W BB 40 e e S AR AE 2 —. W HDE 48 il 9 R 08 BrDNA
BEALTRBHOTORSGY. RINBENARLE R, WEEZApS31E FH% & A2 (tumor protein p53 inducible
nuclear protein 2, TP53INP2) & #% = & L & H % ¥ DNA % K i & Z w748, ¥ F K45 5 40 08 W ByrDNA S g . K
BRI, KA 8V Ak A BT #0H TPS3INP2 B A% = 5 A, JF B 3 I8 1% 48 i N rDNA % i M ALH AT R &, T
R IHR EARBEEME L2 EAEZ A (mechanistic target of rapamycin complex 1, mTORC1)#y 55 5% I 3
Raptor#y ZL Bt . 3F & 1% 20 J, A mTORC1 By 7& 14, 3E T #T#IrDNAM ¥ 5k, et R B =, T T B EWH E A4
JR AR 3G T AR AR R, A 40 M 9 Y rDNA$E OB M R 5k R TP R R R U 1 L B EEALH 2 —.

Xeflinl % E, mTORCI, IDNA%E F, M AR & 4 K 4, TAE %

W ASE A N & AR R 5T,  H160SHI140S
PSRN IEL i, AR AR I S 1) 32 22 i o F A v
{AKRNA (ribosomal RNA, rRNA)FIAZ AT H. A
W R RN R A A R e — e
(nucleolus) & ELAZ 4 i N AZ M (A A8 ) % A 1) T2 BL T,
FLFERNAR G AL SYEIFIANT, rRNAFZHEARE B
12 R W R B0 /NI R 25 5 R I A A Ak 5 i
2 2B 58 U AR AR IS/ NI S5 B = kA 2 A o I v
— AR TE R A DI RE R AR AR, T FL B Al A i
HHADNA (ribosomal DNA, rDNA)ERZ-AbS B R
REZ WHES I, A — & e T

rDNAFE L. rDNAKE s RN AR A ) % Az 1Y)
KR TRZ —.

TEIEF A0MEN, DNARYEE G2 218 7R
PR, SR, 7E RPN DY, rDNAFL SR S8t
FRARSIEE T, e 5 TR BRIARAS, i fe ki 4t
Fral Py ) A JC RGO rDNAK S5 B0 53 B0
SRR EE 2 BRI R B, £
AR AL A] 208 40 M A r DN AR S 7 i BTS2
MMEFEDNARL SRR TG, IS AEIME 587
fiff(extracellular signal-regulated kinases, ERKs)HIF5MH
BFERIPEAZEYN (mechanistic target of rapamycin
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complex 1, mTORC)TE S 2 v it # Hi A s i i
PEU AR, A4 o-My o 7E P 14 9 L DR AT B 4R
rDNARYHE F1EME, A FEROMIpS3TE P A8 5 & )
RIEIDHIVER, 968 5L DN A3 sl 2 s 6 1A B4 2 0%
J2 T3 R A B P e DN A 3% S B8 ) E  J O

VA R (spermidine) f& 22 e B 53 H ) —Fh R SR TG 44
BAr, I MAER o Bk, WAAE T/NE . KA
RIS . E YR FE RS e vT LA AE
K WERE . gedu, FugAn/N RSE 2 e Y 7
At L, A e A A SRR T R 2 A
WS TFARRE . R RRE P BSEHe br, RIRS e
A2 R E TS AN, AT RSO
7, A EO] R RE AR DS 1 SBT3, R —E )
o™ FIRTRBS R, A T A T
4 e 14 24 S ER AR T AILAAR BB e e g SR TRl AL
R BIMRRE AN K . BEFE A B AT BRI, TPk
Y2 2 75 A e 5 M Y 4 Rl g A 4 2 o R R R R
AR R AT AN,

A5 38 3 07 158 8T 1) A 5 - DN A RS SR s PE G /N4y
T, R IKE B AR A rDN ARG SEAN IR, BF5E R,
TP RS HE T S I AN I mTORC (435 ¢, 41 rDNA
B S RCeRINA, - T4 3 26 11 A A Bl AT 40 i 4 6
AHIFFE IR SRS e BB T P A T — ST R
HLFH.

1 MRSk

L1 s sE R e anie S A

e HeLaZl s 32 T & A 10% M4 s 1% %
F MR R WS BDMEMEE SR SEh, HF37°C. &5%
CO, YT IR 35 T A0 P 15 7% 22 X Rl 4 00 L %% FE )
HFJE8Es28. MPELipofectamine 3000148145, 47
KLEI . A0MIR I R Qe s i, il FHGA18 k47T
BE, B RS e F IR HE T GFPARZE 1) MR 2R FH pS 317 T4%
FEH2 (tumor protein p53 inducible nuclear protein 2,
TP53INP2)#HeLa4fl fifl 2.

1.2 BURRAR R

WKEHE(S2501). ZE£# 3 (C1386) 5-FUrd (F5130)
A2 2% (R8781)2K [ Sigma-Aldrich, H,0, (7722-84-
1)k ABTRLT . 20 32 2 i 3R
(DMSO)H, fh2= i i W F . WA R,

100 pmol/L; ZE#i 2, 10 umol/L; 5-FUrd, 2 mmol/L; &
MH% %, 250 nmol/L; H,0,, 100 pmol/L.

1.3 pifk

AT PriR: ¥ K (biotin)PiiK (Abcam,
ab53494). S6KI1HTiA(Cell Signaling Technology,
9202). BEMRLS6K 1414 (Thr389) (Cell Signaling Tech-
nology, 9205). ¥z ZMEEfkHiiA(Cell Signaling Technol-
ogy, 9441). RaptorPi{f(Cell Signaling Technology,
2280). BrdU#¥ii&(Sigma-Aldrich, B8434). GAPDHi#i
{&(Santa Cruz, SC-32233). Y'HIHIRDye800CW 4L
(LI-COR Biosciences, 926-32213). 4 ilIRDye680
HL(LI-COR Biosciences, 926-68072)F1Alexa Fluor 488
9¢)G_¥i(Thermo Fisher Scientific, A-11001).

1.4 EAHLE

U RS BRI HeLaZi i, 0 T ofLan s 3%
M, $gE—a ), REUREN. FOHE MR
SDS-PAGEJIZ, &5 Miht AR, K. 5615, K PVDFK
AT 5% L3 2 A TBSTZE Wi (150 mmol/L
NaCl, 10 mmol/L Tris-HCI, pH 7.5%10.1% Tween-20)
B2 h B ERZ I, FIHAE A —iT4°CF
HPVDFRER A, TBSTZE Mk 31K, #HK10 min, FIH
SIS PR A PVDFE L h, TBSTZE M3
R, ffiFHOdyssey? Y CHI RS, Pl AR,
X H A BT . BeE, 8 FImage YR
M8 471 1Y K BE AL

1.5 HEARZEILDUE

FIH & A &6 A ANP-402 b W
(50 mmol/L Tris-HCI, pH 7.4, 1% NP-40, 150 mmol/L
NaCl, 2 mmol/L EDTA, 1 mmol/L DTT, 10% H jii)Z4f#
YN, TEANMIZLAR I N A Raptorfi R F4°CHF & 1 1%,
SRIGIMA R HATIBHER T4°CAREEMF H4 h, FIHINP-
A0Z% MR VTR ER 4R, e AL A BN S5 Ay
Mréd & FHile ek 8 .

L6 st MO IR R R BRkI%

BEOGTB5AE R %) 240 B A S A T 5 T B Y
24FLA IR, B T37°C. &5% COMHIR I
N IR24 h, FEATMIEE SRAEE A INAS-FUrd#? 7,
15 min/5 5722155+ 4%, PBS (phosphate-buffered saline)

2073



M43 0 & 2024558 $69% 154

ZEMIR VR 2IR, 4%2 5 B[] % 10 min, FJH2 mol/L
TR A F I R Ak b RN, PBSZE M R i i vk 3 YK, )
FHE A 10%6 4 1035 1 PBSZE ik % IR 11120 min, )
FHE760.1% 2.4 (saponin) I Brd UBL A (577 10% 152 1.
T RIPBSZE MR BLE) TR IR B XA 402 h, PBS
GEPREE3 WG, RIS 0.1% B AR N, — B (F
B 10% 4 1ML 1 PBSZZ i Bt B ) T & T AE REOE IR %
T ARSI E X I AIMI1 h, PBSZErPRE R4, I
f& W B . T AR S R SO 36 3R £ B
(LSM880, Carl Zeiss)S%H&. 43#T.

1.7 RNASFUFTI9EE HPCR

FFHTrizoli#|(Thermo Fisher Scientific,
1559601 8) 3R HL ANl M RNA, SR 5% BB 57 M-
MLV ¥ % 5 fiff(Promega, 9PIM170)3847 S 5%, [ 3%
S1H HEEHLE Y. 4 FHSYBR GREEN PCR Master Mix
(Takara, DRRO41A)7£10 pL NIRA Y E 7500758
JERE EPCRELYS. PCRIUVIRA WAL T4 10
pmol/LE ¥, 2 mmol/L MgCl,, 200 umol/L dNTPIE &
¥, 0.1 U Taq DNAR A B FLEFHZE 0. S A5 CFan
T:95°C 30 s; 40 MIEFR, 95°C 10 s, 60°C 30 s. FFFEG
WE S, EE3WK. S 975 L1,

F 1 FRHEBPCREEME BT 5

Table 1 Primers used for real-time PCR assay

1.8 RNAFH%

FI PSR BHBE R 73 B AL ) RN, IR
B3 e Millipore, INYC00010), FIHA4WZEFrid
M AN47S tRNASCSUFAN IR EF FIAACTB mRNAJ L
JEANERE AT 2458, B Ja A RPiikka 478
rRNAFIACTB mRNA. RNAJ SCFEH B4R 51 I
2.

ORI 0% { E R gD % I DR e el

2 B BT AR B 1 U R B Click-iT HPG Alexa
Fluor 488% 145 WUy AT, AR4ERF & (Thermo
Fisher Scientific, C10428)f i I -FE4 A N 4. A
BB AR YR A0 TR0 £ (Bimake, B34302)1)15
B A TR

1.10 4G oAl

2B A3 3R] Annexin V/PTEY (5 SEAT R, F)
FH RS 1 FTH, 0,43 3 b FRAR A4 22 AR TR], 5740 %
FREIF USRI, PBSZE MR e 5 F2 40 M, i A An-
nexin VHIPILA M G .58 v, k0 530 min, FI IR
AL A

Name Type Sequence 5'—3'
Forward TGTCAGGCGTTCTCGTCTC
478 rRNA
Reverse GAGAGCACGACGTCACCAC
Forward TTGCGTTACACCCTTTCTTG
ACTB
Reverse CACCTTCACCGTTCCAGTTT

¥ 2 RNAHNBEIMEH IR P

Table 2 Probes used for northern blot analysis

Name

Sequence 5'—3'

478 tRNA

ACTB

CGGGAGAGCACGACGTCACCACATCGATCACGAAGA
GCCCCCCGGGAGCGGAGGCCGGCCGGCCGGCCAGCG
AGCCGATCGGCTCCGGCCAACCCCCCACTCCGGGGA
AGGGGCGGCGGACAACCCCGCGGAGACGAGAACGCC

TGACACGCAC

CTGTCACCTTCACCGTTCCAGTTTTTAAATCCTGAG
TCAAGCCAAAAAAAAAAAAAAAACCAAAACAAAACA
AAAAAAACAAATAAAGCCATGCCAATCTCATCTTGT
TTTCTGCGCAAGTTAGGTTTTGTCAAGAAAGGGTGT

AACGCAACTA
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A G BRI DA HbR R 22 R . Bda 2=
S e # i Student’s  t-test R TREIR, P<0.05F /R 2=
SAGHEE L.

2 R
2.1 PRIEINHIZNIEN GFP-TPS3INP2IEL &t
TERRE T, AR I AL TPS3INP2
F 3 o A SR UG A W FEr DN AR o 7 X i 4 3%
ORI FrDNASE P i H, SR
2 (mTORC il 7)) 34 AT 38 L 0 i TPS3INP2 A A% A~
{3, HETT0 20 P DN AR 522, F2BITPS3INP2
FIAZA 57 T R FE 7R I e DN AR 3G s i . 26T
IR B, AR EE T #2215 GFP-TP53INP2 i HeLal
Ja, P T e AU DN AL eI 259, 1Em &8
FYRIIRFRAIET, TATEM, MEEHRp™Y, ¥
Wiz ] LI 2530 5 GFP-TP53INP2 (I A%A—5E 17 (K1 1(a)).
VA Bl AT S 30K 2497 0% B4 41t H 40 M A% € v A GF P-
TPS3INP2E A AL BT (E11(b)). DL LRI, T
KM REAS AT M I GFP-TP53INP2 %A E N, il
K e T BESE IR 240 B N DN A R FE ST 1.

2.2 EREARHIZNIEL N rDN A RS 5%
BT HRGOERHAEDNARL e R, JeAi T2

(@) GFP-TP53INP2 DAPI

DMSO
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£
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Curcumin

FIFHZE e S PCRAZEGAG I 1 41 il N FTIATRNA 478
rRNARKF. SLREE R IR, 58 HIADNARS A
RIEMEEMEEE R, T BB T4
N47S rRNAMIKE(E2(a)). AL, RS Hickb BR 40
i, it Ak BRERHB] A SE K, 4PN 478 TRNARY KRl 2
BREAR(EI2(b)). R B B SRS (10 pmol/L)
REPRARM, SRS HEATIAR AT LA SRR AN P 478 TRNA
FIZKF(E2(c)). (EfEREAE, WASHALEE24 b, 40
M9 47S rRNARI KA — 2 B (F12(c)), $n4ii
A B3 e 5 ) A 5 2 T o ST i
5-FUrdfEh PRIERE 2, w48 A4 B 6
RNAH. B, I GOy @550k I 5-FUrd i) 5
N, TSRS 4 N HT A RN AR A U 0. 3641
KB, R R AL FEANME, 40AE A Ab5-FUrdAITR
5 S (K12(d), (e)), RWALHMINZIAb47S rRNA
BRI SR, Ak, A RNAED O S256 B 346 I 41
JIP947S rRNAM &, 58T 500 E R —EY 5858
25 (K2, (2)).

2.3 EHEHEImTORC G

mTORC 12 4l Jfd N rDN A% S 1B 1 Bk 1Y) 32 22
RS T T R A e R 7 1o Y
MimTORC1 Y PE I DNAKE S, A4 T 8
S6K1 (p70 ribosomal protein S6 kinase 1)7E38913 /5 1Y
TR MR (Thr389) I BEIR 1K, AL Y BEIR Ak th

Merged

(b)

100+

Nuclear GFP-TP53INP2 positive cells (%)

B 1 (R R () NS e i 4 i PN GFP-TPS3INP2 AR A (L. (a) I AP el 4 22 2 32 A BIAR 7€ 35 GFP-TP53INP2(HeLaZfH ffd3 h, #&

J& I OGBS WX GFP-TPS3INP2 B9 E AL E 7. A7, 10 um. (b) S8t (a)H GFP-TP53INP2E {37 T-4H M A% P B ML LL 5.+ P<0.001
Figure 1 (Color online) Spermidine abolishes the nucleolar localization of GFP-TP53INP2. (a) Subcellular localization of GFP-TPS3INP2 in HeLa
cells stably expressing GFP-TP53INP2. The cells were treated with spermidine or curcumin for 3 h. Scale bars, 10 um. (b) Statistical analysis of cells

with nuclear distribution of GFP-TP53INP2 treated as in (a). ***P<0.001
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(a) (d) 5-FUrd DAPI Merged (e)
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2 X
© o g o
0 6 12 24 (h) 0 2 4 s8(h
B 2 (SRR ) WA R i 0B I rDNAFE 5% (2) FIHEARGRE . 229 Rk % TRNE 2 A P HeLadi i, F1|FH 26 62 EPCRECIEAS I AL P 478

rRNAM B 3. (b) FI IS Ak A MO AS 5] (% B[R], A 4HAE N 478 rRNAM . (o) FIFIRHR B A (10 pmol/L)Ak AR MIAS 7] Yy Bsf ], A8
AL 47S rRNAR S 5. (d) TR a0 R A SR A3 h, FIH5-FUrdB A SEInAG A% Ak 478 rRNARA BUFIL. A7), 10 pm. (e) 48
TH(d) P AUAZA AR 5-FUrdIR SR BE. (F) ARG Ak TR A [] ) R, S BRI N IR S RNA, FIFHRNAETCSCRARI47S rRNAK & . ()
it ()H147S t(RNAE & *P<0.05, **P<0.01, ***P<0.001

Figure 2 (Color online) Spermidine inhibits rDNA transcription. (a) 475 rRNA level in HeLa cells analyzed by real-time PCR. The cells were treated
with spermidine, curcumin or rapamycin. (b) 475 rRNA level in cells treated with spermidine for the indicated time. (c) 475 rRNA level in cells treated
with low-dose spermidine (10 umol/L). (d) 475 rRNA synthesis at the nucleolus was indicated by 5-FUrd incorporation in cells treated with spermidine
or rapamycin. Scale bars, 10 pm. (e) Statistical analysis of the fluorescence intensity of 5-FUrd at the nucleolus in (d). (f) Total RNA in cells was
isolated and 47S rRNA level was analyzed by northern blot. The cells were treated with spermidine for the indicated time. (g) Statistical analysis of 475
rRNA level in (f). *P<0.05, **P<0.01, ***P<0.001

mTORCIFF A 5. SLIEE IR IR, SERIAEZEME
R, TR T W R AR PN SOK 1 B IR
K (E3(a), (b)). [EAFERE RIS, K WAS AL PR
E] A HEK:, 40 PN S 6K 1 A4 B i Ak 7K SF- Bl 22 328 7 T I
(E13(c), (d)). BEAh, FeA1 k& BRARHR B WA (10 pmol/L)
AT FRARAN I N SOK 1 IR T /K - (E13(e), (D). SRTM,
BEARG v JE 10 P RS e (1 pmol/L) X T S6K 1 iR Ak 7K -
WA BEE(E3e), (). TR —IE iR R, Wk
i R 36 A 95T Tl T AR A B 11 BB (AMP-activated
protein kinase, AMPK)IHImTORC1 593 . #X111, WF.
KR anfal I AMPK TG P H AT 8. Z2I0biF 9T &30,
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L A% BEp300 1] 38 i Lt AL mTORC1 Y S Raptor
(regulatory-associated protein of mTOR)#Z = mTORC1 1
TR RS, A AT I I p300 K T TR
SEWED FRATHEI, TSR AT AEE K p300 4 1Y
Raptorft] Z AL HImTORC . S5 THI T —
B, WREHEAT i 2 il Raptor () ZBEAL(EI3(g), (h)). {EAS
TR, AR B A (1 pmol/LYTSARIL H—E
AEIHIERI(EI3(2), (h). AHECTmTORCI, MEAEHEXS T
p300RHNIVE LB 2. Bz, LA ES5 SR,
K B REALAM R 40 ML N mTORC 1A TE 1, HLX Fhikil/F
FHTT REHS 53812 B p300 - F: ) Raptorfl) £ BE AL S B
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Sed E :
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SR 3 01 36 B 1,01
st === T
(Thr3ge) & (Thr3ge) X
& B o5
X S
= 7 = 33

(e) (9) Spermidine (umol/L) (h)

. )
Spermidine (umol/L) 51_5 0 1 10100 5 15
p-S6K1 o 5 cebilys 89
(Thragg) & 10 i Sk g0
S6K1 X *x So
& 0 1 10 100(pmol/L) 0 1 10 100 (umol/L)
B3 (MR ) WAS M I N mTORCLIE M. (a) FIFHASNG . i R aliB HINEE R ACIRANN, P8 1 fosi B30 S S0 ke ) 240 it Py

mTORC LRHS6K 1 7E38907 15 1 #5 2 FR B RR ALK . (b) BT H(a) TSR I AYBAAR LK F-. () TR S e Ak 0240 AN T g g i, G0 4 A P S6K L
TE38N AL FISF Z IR TEIR L /KF-. (d) GEit(c) P SOKTIIBERR K- (e) I FHA ) v B2 ) S AT e b PR A ffd 6, 4G I 4 A SOK 17389437 45 Y I
ARRMBRIKCT. (f) GeiT(e) T SEK 1B ILK T (2) RN IR HE 7 e Ab AR L6 h, Kzl Raptorft) Z ALK T (h) ZEit(g) ' Raptorfy
LIAEKE. *P<0.05, **P<0.01, ***P<0.001

Figure 3 (Color online) Spermidine decreases mTORCI activity. (a) p-S6K1 (Thr389) level in cells analyzed by western blot. The cells were treated
with spermidine, curcumin or rapamycin. (b) Statistical analysis of p-S6K1 (Thr389) level in (a). (c) p-S6K1 (Thr389) level in cells treated with
spermidine for the indicated time. (d) Statistical analysis of p-S6K1 (Thr389) level in (c). (e) p-S6K1 (Thr389) level in cells treated with spermidine
with different concentrations for 6 h. (f) Statistical analysis of p-S6K1 (Thr389) level in (e). (g) Acetylation of Raptor in cells treated with spermidine
with different concentrations for 6 h. (h) Statistical analysis of Raptor acetylation level in (g). *P<0.05, **P<0.01, ***P<0.001

KVAE DU 259 B —A™ B AT BT SR ).

STEGZE L, AMHImTORC A4 IE P AT i 2 kS
JHz 2 M A1 S N eDNARE SEEVE PRI EEZIALH]. SR, RS
e AT AP LI mTORC T IS AN AR, HEA:
HIBIFSE R B, SRS e T 40 2 T2 R Bip 300 A 335 14,
Mip300 0] A 3 i 2 BEAbmTORC 1 ) # V. JER aptorfie
FEMTORCI AR Y, S aE R R, WAG T B3
FEATR A PN Raptor Y LB AE /KK, 2 BHRE e il RE i
i p3004)F i Raptor AL JHFEmTORC1 B9 IGE PE. 1
Ai, PR e B A TT RE 38 A 40 A PN A A BIL R R
mTORC1HYTE . el 09— oY 2 B, ARG e n] e ik
B AMPKGH M HImTORC1PY, $R 1M, A Mz dnfarisk
5 AMPKAT A AR I IFSE T LA ]

ZIETE I, e ZFORRI YA, SRR AT 8
WS WEIEZE R . SEK G R, WA
T WML F SR A REIF AT KON, BR TIAS:
P, ST e 2 75 i a5 LAt 1) A 2 R S 2%

2.4 ERSIEAE S O AR

20 JfL PN (S T DN ARG Si S AW 1A A5 ) K A 1) S B
HAP TR, IR A B A L 5 ) B RTHR. N TR
FEWHKE R AR, FRATT e e M T At i i
SR 7 A 240 L P A 1A A A B R Y R
BER MBI E R, WA e 2 2 PR AN A B AE B
(A B R (K4 (a)). BEAb, FRATTRIN T SRS e %t 4
BRI, FRATR BN, FHAERE ReAbFRAm A, A0Ha%ch:
R A8 B 8 AR (1 4(b)). 55 AT, SRS 0 240
A A IR (K4(c)), RUINERT A &8 i 5%
M A0 M AE T A A AR . 25 TR, SRR R
W, SRS R REAE M & 1 & IO 20 ML 5, 3 5 RS
TEAN M N rDNARS s rp A i/ I — 2L

3 Wig
AHIGE R PR K M — 0 80 (9 rDN AT 57 T 58

IR, SRR PR P ERAE TORr 2L B
FEERPLR, TR rDNARE I PR BT T2 T

ol IER Tt
EFRHERAE, SEEEEEM, WA tRE 1 1
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6 .5_2 0.5 1 dkk Ak _g % 504
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& o e Sl 0-
& & 0 1 2 3 4 da ) Vv
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KR V& oS

Bl 4 (FIZ8RR ) WRS A 2 115 U A A () FIFHRG e . 22 0K s RR M0 A SRAC AR, P T i i Al 23 10 S8 7 i A4 i
DB A S A S RE. (b) MR e Ak B2 AN [ ) P I, G 240 0 0 i AR AR 0. () R SN I s H, O R TR, G 240 0 A4 7 135 175 2.
H,OAbBRANHEAE Jy FHIHERS HR. #P<0.05, **P<0.01, ***P<0.001

Figure 4 (Color online) Spermidine suppresses protein synthesis and cell proliferation. (a) Nascent proteins in cells were detected using a Click-iT
HPG method. The cells were treated with spermidine, curcumin or rapamycin. (b) Relative cell number of cells treated with spermidine for the indicated

time. (c) Cell viability was examined in cells treated with spermidine or H,0,. H,O, treatment was used as a positive control. *P<0.05, **P<0.01,
**% P<0.001

HIlmTORCIAYIEYE, 1755 AWML 1Y IR DNAY,  UhiR4e My & i A oA & 2. BR T mTORCI
P AR EE AR RS, MRMRE (B, ANTEE 2R DN AR SR 6 Pk (15 5
W e RN R RERE I A AR AR, 3z BEC) RS T A S A s A i P b £ S
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Spermidine inhibits rDNA transcription
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Ribosome, composed of ribosomal RNAs (rRNAs) and ribosomal proteins, is the only organelle in the cell for protein
synthesis. As the structural molecules, rRNAs transcribed from ribosomal DNA (rDNA) make up over half of the mass of
the ribosome. There are millions of ribosomes in every single mammalian cell. To meet the huge demand for the production
of rRNAs, the genes of rDNA in the genome are highly repetitive and contain hundreds to thousands of copies. The
production of rRNAs is a multi-stage process, including synthesis, processing and modifications, among which rDNA
transcription at the nucleolus is one of the key rate-limiting steps. In normal cells, rDNA transcription is tightly controlled
by nutrient-sensing pathways, such as mechanistic target of rapamycin complex 1 (mTORC1) and AMP-activated protein
kinase (AMPK), linking rDNA transcription activity to nutrient availability. By contrast, in cancer cells, various
mechanisms, such as activation of oncogenes, inactivation of tumor suppressors, and dysregulation of nutrient-sensing
pathways, help cancer cells bypass the restriction of nutrients and result in the hyperactivation of rDNA transcription.
Importantly, the hyperactivation of rDNA transcription is required for cancer cells to support their sustainable upregulated
growth and proliferation. Intervention of the hyperactivation of rDNA transcription in cancer cells has emerged as a
promising strategy for anticancer therapy.

Previously, we reported that tumor protein p53 inducible nuclear protein 2 (TP53INP2) at the nucleolus promotes rDNA
transcription by driving the assembly of the RNA polymerase I preinitiation complex at the rDNA promoter region.
Interestingly, nucleolar localization is required for TPS3INP2 to stimulate rDNA transcription, suggesting that the
nucleolar localization of TP53INP2 can be used as an indicator of rDNA transcription activity in the cell. In this study, we
showed that treatment of the cells with spermidine, a naturally occurring polyamine, can markedly eliminate the nucleolar
localization of TP53INP2. Consistent with this observation, we found that spermidine treatment suppresses cellular DNA
transcription and leads to a significant reduction of the precursor rRNA transcript 475 rRNA. Mechanistically, spermidine
inhibits the activity of cellular mTORC1, the master upstream activator of rDNA transcription, through a mechanism that is
partially dependent on the decrease of the acetylation of regulatory-associated protein of mTOR (Raptor), the necessary
subunit of mTORCI1. Functionally, spermidine suppresses protein synthesis and cell proliferation. Taken together, our
findings identify spermidine as a novel inhibitor of rDNA transcription and suggest that the inhibition of rDNA
transcription may be an important mechanism by which spermidine exerts its anticancer effect.

Of note, spermidine has been reported to activate AMPK to inhibit mTORCI1. There seem to be several different
mechanisms utilized by spermidine to regulate mTORCI activity. It is noteworthy that spermidine supplementation has
been demonstrated to modulate aging, extend lifespan, and ameliorate aging-related diseases in various animal models,
including worms, flies, and mice. It would be interesting to investigate whether the inhibition of rDNA transcription is one
of the mechanisms through which spermidine exerts its anti-aging effect.

cancer, mMTORCI1, rDNA transcription, ribosome biogenesis, spermidine
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